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Many studies have been made on the human observer's 
ability to perceive the upright under various conditionso 
The majority of these studies have inv olved the discrimination 
of verticality in the observer's parallel frontal planeo Less 
emphasis has been put on judging the vertical in the subject's 
median planeo This stereoscopic discrimination of a vertical 
line and the effect of b ody tilt upon it is th� tbpic of this 
papero 
Examining the effect of body tilt in the frontal paral-
1el plane researchers have f ound that slight amounts of body 
tilt without a visual frame of reference increases the error 
1 2 3 
· in the subjective discrimination of verticalo ' ' These 
effects in the frontal parallel plane are well documented and 
known as the "A" and "E" effecto They were discovered by 
Aubert, 1861, and further studied by Muller, 1916; Passey and 
Ray, 1950; and Bauermeister, 19640 
Similarily the effect of body tilt in the median plane 
on judgement of the'stereoscopic vertical has been studied. 
4 
Schubert and Brecher f ound an apparent displacement of the 
5 
vertical in the direction of body tilto Ebenholtz f ound 
significant variation in judgements of the vertical involving 
body t il t  in the median plane analogous to  t he "A" and "E" 
e ffect in t he fronto-paral lel  plane. He prop o sed t ha t  the 
cons tant error was related to  the angle of body t �lt -, t he 
degree of s te reopsi s,  the leng th of  the rod, t he pupi llary 
di stance ,  and the observati onal di stance . The equation pre-
2 
s ented i mplies t ha t  t he subj ect  i s  abl e  to  compensa te for t he 
los s of vi sual information wi th other sens ory mode s but syste-
rnatic variat ions from t he obj ective vertical are due to the 
di spari ty c onfigura ti on determined by t he parame ters of t he 
target di splay . 
I 6 In. c ontra s t, Clausen and Bravo, i n  a s tudy of the 
effe c t  of  head ti l t _, found that the per.�eived s t ereoscopic 
vertical is no t altered by a change in head ti l t .  Varying 
0 0 
the angl e  of the head 45 backwards and 45 forwards from a 
vertical p o si ti on, wi th the subj ec t in a si t ting p o si ti on, 
they found no signi ficant difference bet ween t he subjective 
and obj ec tive vertical.  The fac t t ha t  t he s e  subj ec t s  also 
worked under reduc ed cue condi tions impli e s  t ha t  they were 
able to use other s ensory_ modes to c ompensate for the lo s s  
o f  vi sual information .  
Some s tudi e s  have been made relating t he effec t of 
h d 1. . h . f - . 7 , 8 , 9 ot er s ensory mo a itie s on t e Judgement o t he upright . 
The s e  modaliti e s  are ves ti bular, tac tual, and ki ne sthetic.  
Information from at lea s t  one of these modes i s  neces sary to 
res olve the ambigui ty o f  a bi noculari ly di spari te target and 
k . 1 . d 
10 
ma e a correc t vertica  JU gernent. 
Other s tudi es have found that  the s tereo scopic j udge-
3 
ments are no t determi ned by one s peci fic di splay of bi nocular 
d . 11, 12 .b ' i sparity but on a wi de range o f  display s .  A su jec t s 
abi li ty t o  adapt to  optical di sto rtions a nd s ti l l  ma ke c orrec t 
stereo-l oc ali zati ons t ell s u s  that  the binocular di spari ty 
used i s  no t fi xed . 
In thi s  s tudy we have deprived the subj ec t o f  a vi sual 
frame of reference and of vi sual i nformation of hi s body 
po sture . 
By mai ntaini ng nec k and trunk p o si ti on c o ns tant over 
all.body til t s  we elimi nated the ki nesthetic i nput to the 
sys tem. The motor  outfl ow wa s s imi larily kept at  a mini mum 
as the body rotation wa s pas sive - done by the experimenter. 
We then tested the subj ec t's abili ty t o  j udge the 
verticali ty of a lumi nous line under various a ngles o f  body 
ti l t  i n  the median plane. We were thus tryi ng to det ermine. 
whether the subj ec t s  c ould c ompensate for body ti l t  usi ng 
only binocular di spari ty and po s tural i nformation from the 
ves tibular and tactile senso ry modalit i es. 
4 
Apparatus 
A tiit-table (78" X 3011) wa s c ons truc ted, permi t ti ng 
the subj ec t s  t o  be tilted backwards in  the median plane ( see 
Fig .  la).  It wa s c ov ered wi th a 3" thi c k  s lab of p olyfoam 
and was fit ted wi t h  a footrest and adj us table headres t. The 
headres t was c onstruc ted suc h that it r es trained the subjec t ' s 
head in  a s traig ht ahead p o s i ti on .  The headrest wa s adj us t-
able in the mid-fro ntal (c oronal) plane to mai ntai n the head 
in i t s  normal p o si ti o n  relative to  the nec k and trunk. It 
was al so  adj us table vertically t o  accommodate various subj ec ts 
over a height range from 4 ft . 8 i n. t o  6 ft. 4 i n  • 
. ,. 0 The table c ould be s wung through an arc of 100 and 
could be locked i n  s even p o si ti ons, varying in  15° increments 
from 0° ( s tandi ng perpendicular to t he floor) to  90° (lyi ng 
parallel to  the fl oor). ( See Fig .  lb . )  The positi oning wa s 
such tha t  t he exact angle o f  til t  c ould be reproduced from 
subj ec t to.subj ec t.  In  the 0° po sition the subj ec t s tood on  
the foo tres t  whi c h  wa s 12" wide and parallel to the floor. 
A safety s trap was i ns talled on t he table for the subj ec t ' s 
securi ty and to mi nimi ze body movement duri ng the testing 
sequenc e. 
The test target was a bri g ht lumi nous l i ne 2511 long 
and 0.03" wide. Thi s was achieved by two 12 volt,  1.5 amp 
bulbs contained in a "black box" which had an opaque glass 
cover. The test line was formed by scribing the glass cover 
to make it translucent. The light emitted from the target 
was insufficient to make any of the apparatus visible to the 
subject. 
5 
The target was pivoted in a supporting frame attached 
solidly to the table at the head end. The entire target 
apparatus moved with the table when the table was moved to 
various angles of tilt. The line could rotate through an 
arc of more than 180° for any position of table tilt. The 
target was suspended on a 3/411 wood dowel which rotated in 
two 111 X 511 X 24" hoards attached to the framework. These 
boards were adjustable up and down in one inch increments 
through a range of 20 inches. This allowed the center of 
the line to be fixated with the eyes ,in the primary position 
and the head in the normal upright position regardless of 
the height of the subject. The center of the line was a , 
constant 28  inches from the back of the headrest at all 
positions of table tilt. This placed the line approximately 
20-24 inches from the subject's face depending on head size 
and facial structure. 
A scale marked in degree increments was attached to 
the center of rotation of the target, and a pointer indicated 
in degrees the angle of the target .  Thi s  scale c ould easi ly 
be read to an accuracy of± 0.5°. The perpendiculari ty of  
6 
the i l luminated line was checked in all posi ti ons, with the 
subj ect  in the apparatus, using a c arpenters plumb-bob. The 
target was rec alibrated in the o0 ti l t  posi ti on before testing 
each subj ec t ( see Fig .  l e) . 
A diffuse beam of light set in a square of  whi te card­
board 1 2" X 1211 was used as a means of preventing the subj ects 
from dark adapting by pl acing i t  in f ront of the subj e c t's 
eyes excep t during the ac tual j udging peri odsQ 
A pair of adj ustable goggles, which  restric ted peri p h­
eral visi on, was worn by all subj ec ts .  These goggles reduced 
the periphe ral fie ld to 30° (see Fig. ld). 
All the apparatus except the white diffuse light 
occ luder was painted with  a non-gl ossy flat b lack p aint . 
The test ing room was to tally dark. 
Subje c ts 
The 19 subjec ts, 14 male s  and 5 f emales, ranging in 
age from 12 t o  48 years were tested . All subj ects we re 
screened for a minimum of 80% s tereopsi s  a s  measure d  by the 
keystone mult i stereo  card, PP-10 (S-2 ) .  Nine of  the subj ec ts 
had c orrected vi sion, glasses o r  contac t  lenses, and the 
remaining ten wore no correcti on. Those requiring the lens 
.correc tions wore them during the test sequence .  
Test C onditions 
7 
The subject was brought into the testing room and the 
nec essary measurements required for adj ustment of  the appara­
tus were taken . One experimenter made the appropri ate adjust­
ments whil e  the other tested the subj ec t for stereopsi s .  
Those subj ects e xhibiting less than 8 0% were e xcused fr om 
further testing and the pr oce dure was started ove r  for the 
next subj ect. 
After passing the stereopsis test, the subject was 
posi ti oned on a ti lt-table by means of a restraining head­
rest and a wai st strap. The subj ec t was then given the 
following inf ormati on and instruc ti ons: 
"We want you to say 'Now' when the luminous line in 
front of you appears to b e  vertical;  that i s, perpendicular 
to the floor . We will  start each j udgement f rom a pre set 
posi tion wi th the top e i ther toward you or away from y ou and 
slowly move i t  toward the ve rtical posi ti on . "  Thi s  proce­
dure was then demonstrated wi th the room lights still on. 
"From time to time we are going to chang e  the po sition of 
the table and ask you to repe ab your j udgements by saying, 
8 
'Now', when the line appears perpendicular to the floor. The 
test will be conducted in the dark but in between judgements 
we will hold this diffuse light occluder between you-and the 
test target. We want you to look directly at the light while 
it is on. This is to keep you from dark adapting." The light 
occlusion technique was then demonstrated. "Please keep your 
\ 
head stationary in the headrest, moving only your eyes during 
the test sequence." Restricted viewing goggles were then 
adjusted to the subject with the explanation that, "these 
goggles are to restrict your peripheral vision and since 
there are no lenses in them they will not interfere with your 
judgements." "Duri�g the repositioning of the table we will 
completely occlude your vision by means of a cover for your 
goggles." The use of the cover was then demonstrated. 
No further information or instructions were given to 
" 
the subject during the testing sequence. He was not allowed 
any feedback as to the accuracy of his judgements. Any ques-
tions asked concerning the apparatus or test were deferred 
until completion of the test sequence. Three of the nineteen 
subjects tested showed some nervousness about their perfor-
mance at which time they received additional encouragement to 
relax and were told they were "doing fine." 
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Following the pre-test instructions the room lights 
were turned off and· the test sequence commenced. Preventing 
the subject from dark adapting provided further assurance 
that only the luminous line was visible during the time that 
vertical judgements were made. The method of adjustment was 
used with an equal number of preset positions toward and away. 
The line was moved toward the objective vertical at a steady 
velocity of approximately 2° per second by the experimenter 
0 0 from randomized preset positions from 5 to 20 • The subject 
was "light-occ;,luded" after each judgement and the line was 
rotated to a new preset position. ·This procedure was con tin-
ued until the subject had made six judgements of verticality 
at each of seven different positions of body tilt. The sub-
ject was totally.occluded during movement from tilt position 
to the next. Approximately one minute was then allowed to 
"light adapt" and to reduce any motion after-effects. 
The seven positions of body tilt used were o0 (per­
pendicular to the floor - or vertical position), 15°, 30°, 
45°, 60°, and 75° of backwards tilt and 90° or horizontal 
(parallel to the floor). The sequence of test positions 
was 0° 45° , , 0 0 0 0 0 15 , 75 , 30 , 60 , and 90 for all subjects. 
The first position also served as a practice trial to ensure 
that the subject understood the instructions. The entire 
10 
test sequence averaged approximately thirty-five minutes per 
subject.. 
II. RESULTS 
The subjective vertical measurements were recorded in 
d l . .  h" + 0 s0 degrees from an expan ed sea e accurate to wit in - . o The 
calibrated objective vertical for the seven positions of body 
0 0 0 0 0 0 0 tilt were 90 • 103 , 118 , 134 , 150 , 168 , and 180 . These 
calibrations were constant for the target-tilt table assembly 
and did not vary between subjects. 
In order to facilitate data interpretation the target 
scale was set up such that subjective vertical measurements 
greater than the calibrated (objective) vertical measurements 
indicated that the top of the target was tilted away from the 
subject. Six judgements of vertical were recorded for each 
position of body tilt. These data were averaged and recorded 
in Table I for each subject f or each position of body tilt 
with the exception of the horizontal position (i. e., 90° of 
body tilt). The data f rom this position were eliminated from 
further analysis because the subject would theoretically have 
seen the target line as a point when it was in the vertical 
position. The physical limitations of the target prohibited 
this observation, thus the error introduced was considered 
an artifact of the ap.paratus design and not indicative of 
subjective. error in judgement .  
12 
The group performance is summarized in Table III, where 
it can be seen that the standard deviation , for body tilts of 
less than 30°, is less than± 2°. For body tilts of 30
° and 
. b + 3.45° d + 4 7·5° greater it ranges · etween - an - o • The standard 
deviation increases slightly up to app�oximately 30° and then 
remains essentially constant thereafter. The group mean devi­
ations from the subjective vertical in the upright (0° tilt) 
position are also summarized in Table III. The differences 
here were less than the group mean deviations from the objec-
- . 
tive vertical, with the exception of the 60° body position, 
thus indicating that if the reference baseline is the per­
ceived vertical in the 0° body position the subjective and 
objective verticals are practically the same for body tilt s 
· h d" 1 · f o0 to 60°. in t e me ian p ane ranging rom 
The group mean deviations of subjective vertical from 
objective vertical as a function of the degree of body tilt 
are plotted in Figure 2 .  In each position of body tilt the 
group's mean deviation is less than one (1) standard devia-
tion for that position. Figure 2 also contains the lines rep-
resenting the theoretical conditions in which the judgements 
of verticality are independent of visual disparity (i.e., a 
horizontal line at the 0° deviation from vertical where the 
subjective vertical equals the objective vertical), and where 
13 
the judgements are entirely dependent on visual disparity 
(i.e., a linear function with a slope of.one ( 1) crossing the 
independent disparity line at the 0° body position). The 
mean data for the group shows a perfect constancy function. 
Data for each of the individual subjects are plotted 
in Figures 3 through 21, where variations are evident when 
compared to the group's performance in Figure 2 .  However, 
all data irtdicates that the subjective vertical is close to 
the objective vertical up to 75° of body tilt. 
Neither the individual or the group data were indicative 
of any cons�ant error in vertical judgements as a function of 
body tilt in the median planeo The small variations in the 
group data were within normal variation for psychophysical 
measurements on human subjects. 
III. DISCUSSION 
The re sul t s  of this s tudy show tha t  the j udgement of 
a.gravitati onally vertical test  line is not s ignifi cantly 
affected by body ti l t . The angular difference betwee n  the 
·subj e ctive ver tical and obj ective vertical i s  mini mal.  There 
is no cons tant error as the ang le o f  body til t  i s  increa sed. 
0 . 0 It i s  clear tha t  body til t  backwards from 0 t o  6 0  
doe s  n o t  affect t he constancy of t hi-s tereoscopic ver ti cal.  
It i s  propo sed t ha t  the vari ati on a t  7 5° and bey ond i s  an 
artifact o f  the apparatus and techni que . 
As a.differ ent ocul ocentric di spari ty i s  nece s s ary at  
each p o si t i on of body til t  to  judge t he verti cal, our data 
sugg es t s, similar to Bravo and Claus en 197 0, that a cons tant 
binocular di spari ty i s  not a factor.  
In t his s tudy a s  many extraneous clues as  po s s ible 
were eliminated . In the dark, non-adapted state,  t he subj ect 
did  not have a vi sual frame of reference to a s s i s t  him. He 
did no t have visual i nfor ma ti on of hi s angle  of b ody ti lt  and 
wa s unable to observe hi s own body parts .  The vi sual sensory 
informati on wa s r e stri cted to t he binocular di spari ty of the 
luminous line . 
The kinesthetic i nformati on from t he neck and trunk 
wa s cons tant over all posi t i ons of body ti l t  as the subj ect 
15 
was s trapped t o  a rigid  table  wi th the head restrained . Mo t or 
out fl ow i nformation from active participati on wa s a l s o  mini ma l 
a s  the rotati on wa s pa s s ive  - i . e . , done by t he e�perime nter . 
The mot or out fl ow from ocular scanning movement s mus t  be i nher­
ently ambiguous s ince th�y can be programmed relative only to  
eye-in- head p o s ture and not to  gravi ty. 
The p o s sible codi ng variables  in this instance are 
reduced to  the o t ol i th functi on of the ve s tibular sen se, the 
tactile  sense of weight di s tributi on, and the g olgi t endon 
recep t or s . Separati ng t he se would nece s s itate running the 
experiment under null-gravi ty condi ti ons . 
The subj ect ha s in hi s normal interaction wi t h  t he 
environment learned t o  j udge the upright i n  various reclin­
ing p o s i ti ons . Eli mi nating much o f  the vi sual i nformation 
has li t tl e  e ffect on thi s j udgement . The binocular dispari ty 
he observ e s  i s  conceivably nece s sary under the s e  reduced 
condi ti ons , but not suffi cient to  make an accurate j udgement . 
The different binocular di spari t i e s  encountered mus t  b e  
encoded wi th i nforma ti on from o ther  modali ti e s  t o  make the 
correct j udgement . The bi nocular dispar i ty al one i s  ambigu­
ous,  but combined  wi th p o s tural information  regarding the 
directi on and orientation of the body the a mbigui ty i s  
re solved and an accurate di s cri mi na t i on made po s s ible . 
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It is evi dent t hat the subj ect s were abl e  t o  i nterpret 
their ang l e  of  body tilt, and cho o se t he proper bi nocul ar 
dispari ty. Thi s was presumably done by i ntegrat i ng the infor-
mat i on received from the visual binocular dispari ty, and s ome 
combinati on  of  t he otoli ths , the tacti le sense, and the golgi 
receptors;  then correlati ng it wi th previ ously obtai ned encoded 
di spari t y  i nf ormati ono 
We probably mus t  as sume that normal i nt eracti on wi t h  
the envi ronment provides the subj ect wi th a store. o f  encoded 
po s tural-dispari ty i nf ormati on to  whi ch he can refer . 
Contrary to the result s  of  a simi lar s tudy by Ebenholtz 
-
our data does not suppor t t he vi ew that effect s anal og ous to  
the "A" and "E" ef feet occur wi th b ackward body ti  1 t i n  the 
medi an plane. The fact exi s t s  that t he equatio n  for angle of 
til t  of t he li ne from true uprig ht as derived by Ebenho ltz  i s  
i nvalid. The subj ect i s  able t o  compens ate under reduced cue 
.condi tions, and correlate hi s b ody t i l t  wi t h  the correct 
di spari ty configurati on of  a v er tical line. Any vari ati o n  of 
the subj ect's response from the obj ective ver ti cal i s  small 
and probably does no t represent any cons tant error that can 
be calculated using the p arameter s of the t arget di spl ayo 
The r esults of thi s  s tudy i ndicate t hat fur ther experi -
ments are needed to tease out t he vari ous aspects of vi sual 
po s tural relati onshi p s. Thi s ki nd of research i s  ba s i c  for 
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TABLE I 
INDIVI DUAL DATA 
Body Obj ec tive Subj ec tive Vertical Mean Ti l t  Vertical Prese t  Away Preset Toward 
. Subj ec t D . R .  
0 90 89 88 95 9 2  90 8 9  90 . 5  
1 5  103  101 108 104 106 103 1 0 5  104 0 5  
3 0  1 1 8  1 24 1 23 1 24 1 18 1 1 9  1 1 6  1 20 0 7  
45 1 3 4  1 3 3  140 1 3 5  1 3 2  1 35 1 3 4  1 3 4 . 8  
60  1 50 1 5 8  1 5 5  1 5 6  1 50 1 5 1  1 50 1 53 . 3  
7 5  1 68 1 6 7  1 6 5  1 6 7  1 6 5  1 6 5  1 6 4  1 6 5 . 5  
Subjec t J . M .  
0 9 0  9 0  9 2  9 2  85 85 84 88 . 0  
1 5  1 0 3  1 0 6  1 0 7  1 0 8  96 95  9 6  1 0 1 . 3  
30 1 18 1 1 5  1 23 1 21 1 1 7  1 15  1 1 7  1 1 8 . 0  
45 1 3 4  1 3 8  137  137  1 26 126  1 25 1 3 1 . 5 
60  1 50 1 5 7  1 5 5  1 5 6  145 145 145 1 50 0 5  
7 5  1 68 1 6 9  1 7 0  1 7 0  1 60 1 6 1  1 6 1  16 5 . 2  
Subj ec t F . G .  
0 90 88 9 2  9 0  8 9  9 0  91  90 . 0  
1 5  1 0 3  1 0 0  100 99 103 101 100 1 00 . 5  
30  118  115  1 14 1 1 5  1 1 5  1 1 5  1 1 6  1 1 5 . 0  
45 1 34 1 3 0  1 3 1  1 3 5  1 3 5  1 34 1 34 1 3 3 . 2  
60  1 50 1 5 3  1 5 2  1 5 2  147 147 148 149 . 8  
7 5  1 6 8  1 6 2  1 6 2  164 164 164  163  1 6 3 . 2  
Subj e c t  J . R .  
0 90 92 92 93 88 88 8 7  9 0 . 0  
1 5  103 105 104 102 98 98  98  100 . 8  
3 0  1 18 1 18 1 20 1 1 9  11 6  1 1 7  1 18 118 . 0  
45 1 34 1 3 5  1 3 4  1 3 5  130 1 3 0  1 3 2  1 3 2 . 7 
6 0  1 50 1 5 5  1 5 7  1 5 6  1 50 1 5 2  1 51 1 5 3 . 5  
7 5  1 68 1 7 1  1 7 2  1 7 2  1 7 0  1 7 2  1 7 2  1 7 3 . 0  
3 7  
Body Obj ective  Subjecti�e Verti cal Mean Ti l t  Vertical Pres e t  Away Pre s e t  Toward 
Subject W . M .  
0 90 8 9  9 0  90 8 6  8 8  8 8  8 8 . 5  
1 5  1 0 3  1 0 4  1 0 3  1 0 5  98 10 2 1 0 0  1 0 2 . 0  
3 0  1 1 8  1 1 7  1 1 6  1 1 5  1 14 1 14 1 1 1  1 1 4 , 5  
4 5  1 3 4  1 3 4  1 3 7  1 3 3  1 3 2  1 3 2  1 3 2  1 3 3 . 3  
- 6 0  1 5 0  1 48 148 148 145 145 1 48 147 . 0  
7 5  1 6 8 1 7 1  1 7 1  1 7 2  1 6 5  1 6 7  1 6 8  1 6 9 . 0  
Subject D . W. 
0 9 0  8 7  9 0  8 9  8 9  8 7  9 0  8 8 . 7  
1 5  1 0 3  100 96 9 8  100 96 94 98 . 2  
30 1 18 1 10 1 1 2  1 1 3  1 20 1 1 6  1 1 6  1 1 4 . 5  
4 5  1 3 4  1 3 0  1 3 7  1 3 2  1 34 1 34 1 3 5  1 3 3 . 7  
6 0  1 50 1 5 1 1 5 0  1 5 1  1 5 1  1 5 2  1 5 3  1 5 1 . 3  
7 5  1 68 1 7 2  1 6 7  1 7 0  1 6 9  1 7 0  1 7 0  1 6 9 . 7  
Subject S. H .  
0 9 0  9 0  9 1  9 1  8 8  8 9  8 9  8 9 . 7  
1 5 1 0 3  9 9  1 0 1  9 9  1 0 3  1 0 2  9 9  1 0 0 . 8  
3 0  1 1 8 1 1 0  1 1 2  1 1 0  1 1 0  1 1 2  1 1 0  1 1 0 . 7  
45 134 . 1 3 0  1 2 9  1 2 9  1 2 7  1 3 0  1 2 9  1 2 9 . 0  
60 1 50 1 6 8  1 6 7  1 6 5  1 6 4 1 6 1  1 6 2  1 64 . 5  
7 5 . 1 68 1 6 7  1 7 2  1 7 1  1 6 9  1 7 1  1 7 0  1 7 0 . 0  
Subj ect M . G .  
0 9 0  8 8  8 9  8 9  9 1  8 9  9 3  8 9 D 3  
1 5  1 0 3  1 0 1  1 0 1  1 0 1  1 0 3  104 1 0 2  1 0 2 . 0  
3 0  1 18 1 1 7  1 1 3  1 1 6  1 14 1 1 5  1 1 6  1 1 5 . 2 . 
4 5  1 3 4  1 2 5  1 26 1 30 1 2 4 1 28 1 2 7  1 2 2 . 7  
60 1 50 1 50 148 148 1 5 1  1 4 7  146 1 48 . 3  
7 5  1 6 8  1 6 2  1 6 0  1 6 4  158 1 5 8  1 5 2  1 5 9 . 0  
3 8  
Body Obj e c tive Subj ec tive Ver ti cal Mean 
Ti l t  Verti cal Pre s e t  Away Pre set  Toward 
Subject  J . J .  
0 9 0  9 2  9 2  8 8  8 8  8 9  88 8 9 . 5  
1 5  1 0 3  104 1 0 3  1 0 0  1 0 0  9 9  1 0 1  1 0 1 . 2  
3 0  1 1 8 1 0 7  1 0 5  1 0 6  1 0 4  103 1 0 3  1 04 . 7  
45 1 3 4  1 3 6  1 3 3  1 3 6 1 30 1 2 9  1 3 3  1 3 2 . 8  
6 0  1 5 0  148 145 14 2  1 44 142 140 143 . 5  
7 5 . 1 6 8  1 68 1 6 2  1 6 2  1 5 5  1 5 6  1 5 6  1 5 9 . 8  
7 5  1 6 8  1 6 8  1 6 2  1 6 2  1 5 5  1 56 1 5 6  1 5 9 . 8  
Subj e c t  R. H .  
0 9 0  94 9 6  9 5 - 9 0  9 0  9 0  9 2 . 5  
1 5  1 0 3  1 0 5  1 0 3  104 1 0 3  1 0 2  1 0 2  1 03 . 2  
3 0  1 1 8  1 24 1 2 1  1 2 2  1 1 9  1 20 1 1 8  120 . 7  
4 5  1 3 4  1 3 4  1 3 4  1 3 5  1 3 5  1 34 1 34 1 34 . 3  
6 0  1 50 1 5 0  1 5 0  148 147 1 5 1  1 5 1  150 . 5  
7 5  1 6 8  1 6 7  1 6 4  16 8  1 6 2  1 6 7  1 6 5  1 6 5 . 5  
Subj ec t  M . M .  
0 9 0  9 0  9 1  9 2  8 7  9 0  8 9  8 9 . 8  
1 5  1 0 3  1 0 5  1 0 3  1 0 3  98 100 9 9  1 0 1 . 3  
3 0  1 1 8  1 1 6  1 1 6  1 1 5  1 1 1  1 09 1 0 8  1 1 2 . 8  
45 1 3 4  . 140 1 3 6  1 3 8  148 148 149 1 5 1 . 8  
6 0  150  1 5 5  1 5 6  1 5 5  1 48 148 149 151 . 8 
7 5  1 6 8  1 6 8  1 7 0  1 6 8  1 5 8  1 6 0  1 5 7  1 63 . 5  
Subject  D . L .  
0 90 9 0  8 8  8 7  8 9  8 8  88 88 . 5  
1 5  1 0 3  9 5  9 5  9 9  9 7  9 7  9 9  9 7 . 0  
3 0  1 1 8  1 0 9  1 0 9  1 0 9  1 0 9  1 1 2 1 09 109 . 5  
45 1 3 l� 1 28 1 2 6  1 28 1 3 2  1 28 1 2 7  1 28 . 2  
6 0  1 5 0  1 5 2  150 1 5 0  155  1 46 1 5 5  1 4 6 . 0  
7 5  1 6 8  1 5 5  1 5 4  1 6 0  1 5 5  1 5 7  1 5 4  1 5 5 . 8  
3 9  
Body Obj ec tive Subj ec tive Vertic al Mean 
Til t  Vertical Pre set  Away Pre set  Toward 
Subj ec t  A . J .  
0 9 0  9 0  8 9  8 8  8 7  9 2  8 8  90 o 5  
1 5  1 0 3  104 105 100 1 0 2  101 106 1 0 3 . 0  
30 1 1 8  1 20 1 1 6  1 1 3  1 1 7  1 1 8  1 1 8  1 1 7. 0  
45 134 1 2 9  1 3 3  1 2 9  1 3 5  1 3 3  1 30 1 3 1 . 5  
6 0  1 50 1 5 0 148 149 1 5 5  1 5 5  147 1 5 0 . 7  
7 5  1 6 8  1 6 0  1 5 6  1 58 1 6 0  1 6 0  1 5 6  1 58 . 3  
Subject C . S .  
0 9 0  8 8  9 3  9 0 . 8 8  9 2  8 9  90 . 0  
· 1 5 1 0 3  1 0 4  9 5  106 103 10 2 1 0 3  102 . 2  
3 0  1 1 8  1 2 1  1 1 5  1 1 6  1 11 1 1 2  1 1 5  1 1 5 . 0  
4 5  1 3 4  1 3 4  1 3 2  1 3 6  1 3 0  1 3 4  1 24 1 3 1 . 7  
6 0  1 5 0  1 5 6  1 5 6  1 5 7  140 1 2 5  1 2 5  143 . 2  
7 5  1 6 8  1 6 8  1 6 8  1 6 6  1 50 1 5 7  146 1.59 . 2 
Subj e c t  B . G .  
0 9 0  9 0  90 98 8 5  8 5  8 5  8 8 . 8  
1 5  1 0 3  1 0 5  1 0 5  1 0 5  98 101 98 102 . 0  
3 0  1 1 8  1 19 1 20 1 1 7  1 1 5  1 1 5  1 1 9  1 1 7 . 5  
4 5  1 3 4  1 3 2  1 3 7  1 3 5  1 2 9  134 1 28 1 3 2 . 5  
6 0  1 5 0  1 6 2  1 6 1  1 6 2  1 5 2  1 5 3  1 5 3  1 5 7 . 2  
7 5  1 6 8  1 7 0  1 6 9  1 7 0  1 6 7  1 6 5  1 6 5  1 6 7 . 7  
Subj ec t  T . M . 
0 90 95 94 94 9 0  8 9  8 8  9 1 . 7 
1 5  1 0 3  108 108 110 100 104 103 105 . 5  
3 0  1 1 8  1 2 4  1 2 4  1 2 5  1 1 6  1 1 7  1 1 7  1 20 . S  
4 5  1 3 4  1 3 6  140 141 1 2 7  1 3 5  1 3 3  1 3 5 . 3  
6 0  1 5 0  1 6 2  1 6 0  1 6 0  1 5 2  1 5 4  1 5 1  1 5 6 . 5  
7 5  1 6 8  1 7 0  1 7 0  1 7 0  1 6 0  1 6 2  1 6 5  1 6 6 . 2  
40 
Body Obj ec tive Subj ec tive Vertical Mean 
Ti lt  Verti cal Pre set  Away Pres e t  T oward 
Subject  D . G . I 
0 9 0  9 5  9 5  98 8 5  84 8 6  90 . 5  
1 5  1 0 3  107 1 1 1  1 1 1  9 6  9 5  96 1 0 2 . 7  
3 0  1 1 8  1 20 1 2 1 1 20 1 1 2  1 0 9  1 14 1 16 . 0  
4 5  1 3 4  140 1 41 142 1 28 1 2 9 130 1 34 . 7 
6 0  1 50 1 5 7  1 5 5  1 5 2  144 1 45 147 149 . 5  
7 5  1 6 8  1 6 7  1 6 5  1 7 0  1 5 4 149 1 5 5  160 . 0  
Subj e c t  K . M .  
0 9 0  8 8  8 8  9 0  8 1  8 3  8 2  8 5 . 3  
1 5  1 0 3  104 1 0 2  104 9 6  9 6  9 5  9 9 . 5  
3 0  1 1 8  1 2 2  1 1 4  1 1 6  1 1 5  108 1 0 5  1 1 8 . 3  
4 5  134 1 3 5  1 3 8  1 3 5  1 2 9  1 30 128 1 3 2 . 5 
6 0  1 50 1 5 8  1 5 6  1 5 5  1 48 146 145 1 5 1 . 3  
7 5  1 68 1 64 1 64 1 6 7  1 5 3  1 5 6 1 5 6  1 60 . 0  
Subjec t C . P .  
0 90 95 94 94 9 2  9 1  9 2  9 3 . 0  
1 5  103 104 103 1 0 1  1 02 103 103 102 . 7  
3 0  1 1 8 . 118 1 1 3 1 1 6  1 1 6  1 20 1 1 7 1 1 6 . 7  
4 5  134 145 145 1 3 5  1 3 7  141 139 140 . 3  
6 0  1 5 0 1 54 1 5 0  149 1 5 5  1 5 2  1 5 0  1 5 1 . 7  
7 5  1 6 8  1 6 5  1 6 6  1 6 6  1 6 6  1 6 7  1 6 6  1 6 6 . 0  
41 
TABLE II 
RESULTS SHOWI NG THE MEANS OF THE SIX TRIALS 
AT EACH BODY POSITION 
Body 0 1 5  3 0  45 60 7 5  P o s i ti on 
Obj ec tive 9 0  103  118  1 34 1 50 168 Vertical 
D . R .  90 . 5  1 04 . 5  1 2 0 . 7  1 3 4 . 8  1 5 3 . 3  1 65 0 5  
J . M .  88 . 0  10 L 3  1 1 8 . 0  1 3 1 0 5  1 5 0 . 5 1 6 5 . 2  
F' . G .  9 0 . 0 100 . 5 1 1 5 . 0  1 33 . 2  149 . 8  1 63 . 2  
J . R .  90 . 0  1 00 . 8  1 18 . 0  1 3 2 . 7  1 53 . 5  1 7 3 . 0  
W . M. 8 8 . 5  1 0 2 . 0  1 1 4 . 5  1 3 3 . 3  147 . 0 1 6 9 . 0  
D . W.  8 8 . 7  9 8 . 2  114 . 5  1 3 3 . 7  1 51 . 3  1.6 9 . 7 
S . H .  8 9 . 7  100 . 8  1 1 0 . 7  1 29 . 0  1 64 . 5  1. 70 . 0  
M . G .  8 9 . 3  1 0 2 . 0  1 1 5 . 2  1 2 2 . 7  148 . 3  1 5 9 . 0  
J . J .  8 9 . 5  101 . 2  1 04 . 7  1 3 2 . 8  143 . 5  1 5 9 . 8  
R . H .  9 2 . 5  1 03 . 2  1 20 . 7  1 34 . 3  1 50 . 5 1 6 5 . 5  
M . M .  8 9 . 8  1 0 L 3 1 1 2 . 8  1 3 2 . 7  1 5 1 . 8  1 6 3 . 5  
D . L .  8 8 . 5  97 . 0  109 . 5  1 28 . 2  146 . 0  1 5 5 . 8  
A . J . 90 . 5  103 . 0  1 1 7 . 0  131 . 5  1 50 . 7  1 58 . 3  
c . s .  90 . 0  1 0 2 0 2  1 1 5 . 0  1 31 . 7  143 . 2  ' 1 5 9 0 2 
B . G .  88 . 8  1 0 2 . 0  1 1 7 0 5  1 3 2 . 5  1 5 7 . 2  1 6 7 . 7  
T •. M. 9 1 . 7  1 0 5 0 5  1 20 . 5  1 3 5 0 3  1 56 . 5  1 66 . 2  
42 . 
Body 
Po si ti on 
0 1 5  30  45  60  7 5  
Obj ec tive 90 103 118  134 150 168 Verti cal 
D . G .  90 . 5  102 . 7 1 1 6 . 0  1 34 . 7  . 149 . 5 160 . 0  
K . M. 8 5 . 3  9 9 . 5  118 . 3  1 3 2 . 5  151 . 3  160 . 0  
C . P. 9 3 . 0  102 . 7  1 1 6 . 7  140 . 3  151 . 7  1 6 6 . 0  
TABLE I I I  
GROUP DATA FOR SUBJ ECTIVE VERTI CAL 
AT EACH BODY PO SI TION 
Body Posi tion 0 1 5  3 0  45 6 0  
(Degree s )  
Obj e c t ive 
Vertical 9 0 1 0 3  1 1 8  1 3 4  1 5 0  
(Degre e s )  
Group Mean 
for Subj e c -
8 9 . 8  1 0 1 . 6  1 1 5 . 5  1 3 2 . 5  1 5 1 . 3  tive Verti cal 
(Degree s )  
Group Mean 
deviati on of  
Subj ec tive 
Vertical from - 0 . 2  - 1 . 4 - 2 o 5  - 1 . 5  + 1 . 3  
Obj ective 
Ver tic al 
(Degree s )  
Group Mean 
deviation of 
Subj ec tive 
Vertical from ' 
Subj ective - 1 . 2  - 2 . 3  - 1 . 3  + 1 0 5  
Vertic al 
perce ived in . . 
0° body posi -
ti on. 
(Degre e s )  
S tandard 
Dev iation 1 . 7 0 1 . 9 8 4 . 0 2 3 . 45 4 . 7 5 
(Degree s)  
43 
7 5  
1 6 8  
1 6 3 . 9  
- 4 . 1  
- 3 . 9  
4 . 43 
